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SEMICONDUCTOR CIRCUIT DEVICE
OPERATING IN SYNCHRONIZATION WITH
CLOCK SIGNAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor circuit
device and a method of using the same. More speciiically,
the present invention relates to a synchronous semiconduc-
tor memory device operating in synchronization with an
external clock signal.

2. Description of the Background Art

A synchronous dynamic random access memory
(hereinafter referred to as an “SDRAM?”) is one example of
semiconductor circuit devices operating 1n synchronization
with an external clock signal. A conventional SDRAM 1s

provided with a CMOS type output buflfer circuit as shown
in FIG. 11.

Referring to FIG. 11, the output buffer circuit includes a
P channel MOS transistor 1 and an N channel MOS tran-
sistor 2. P channel MOS transistor 1 1s connected between an
external power supply node 3 receiving an external power
supply voltage EVCC and an output node 4 and has 1ts gate
connected to an mput node 5. N channel MOS transistor 2
1s connected between a ground node 6 receiving a ground
voltage GND and output node 4 and has its gate connected
to mput node 5.

When an L (logic low) level output signal VOUT which
was read out of a memory cell array 1s received at input node
S, Pchannel MOS transistor 1 and N channel MOS transistor
2 are turned on and off, respectively, and thus an H (logic
high) level data signal DQn is output from output node 4.

On the other hand, when H level output signal VOUT 1s
input to mput node 5, P channel MOS transistor 1 and N
channel MOS transistor 2 are turned off and on, respectively,
and thus L level data signal DQn 1s output from output node

4.

™

Since an SDRAM 1s usually employed as a memory
device for a computer system, external clock signals having
various frequencies are mput to the SDRAM according to
the operating frequency of a CPU (Central Processing Unit).
Therefore, the sizes of transistors 1 and 2 are usually so
designed that the output buifer circuit can supply suilicient
current when an external clock signal having a maximum
frequency 1s 1nput.

However, when the frequency of the external clock signal
1s low, the current supplying capability of the output buifer
circuit becomes too high. Therefore, a ringing phenomenon
has been caused before data signal DQn converges at the H
or L level.

Although Japanese Patent Laying-Open No. 2-92019 dis-
closes the technique of setting a mode register in accordance
with the load of external circuitry connected to a terminal for
outputting a data signal and changing the drivability of an
output buffer circuit 1n accordance with the set mode
register, the problem above cannot be solved since what 1s
set 1n the mode register 1s a signal which corresponds to the
“load” of the external circuitry.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a semi-
conductor circuit device which prevents a ringing phenom-
enon even when the frequency of an external clock signal 1s
low, and a method of using the same.

According to one aspect of the present invention, a
semiconductor circuit device operating in synchronization
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with a clock signal includes an output buffer circuit and a
control circuit. The output buifer circuit includes a transistor
clement outputting a data signal. The control circuit controls
the output bufler circuit in accordance with the frequency of
the clock signal to change the current supplying capability of
the transistor element.

Preferably, the control circuit mcludes a register and a
change circuit. A desired signal can be set 1n the register. The
change circuit changes the current supplying capability of
the transistor element 1n response to the signal which 1s set
in the register.

More preferably, the transistor element mcludes a plural-
ity of first conductivity type transistors connected 1n parallel
between a first power supply node and the output node of the
output buffer circuit. The change circuit includes an activa-

fion circuit selectively activating the plurality of first con-
ductivity type transistors in response to the signal which 1s
set 1n the register. The output buffer circuit further includes
a second conductivity type transistor connected between a
second power supply node and the output node.

Preferably, the control circuit includes a detection circuit
and a change circuit. The detection circuit detects the
frequency of the clock signal and outputs a control signal in
accordance with the detected frequency. The change circuit
changes the current supplying capability of the transistor
clement 1n response to the control signal which 1s output
from the detection circuit.

More preferably, the transistor element mcludes a plural-
ity of first conductivity type transistors connected 1n parallel
between a first power supply node and the output node of the
output buffer circuit. The change circuit includes an activa-
fion circuit selectively activating the plurality of first con-
ductivity type transistors in response to the control signal
which 1s output from the detection circuit. The output bufler
circuit further includes a second conductivity type transistor
connected between a second power supply node and the
output node.

Preferably, the semiconductor circuit device further
includes a down converter circuit down-converting an exter-
nal power supply voltage to generate an internal power
supply voltage. The transistor element includes a first P
channel MOS ftransistor and a second P channel MOS
transistor. The first P channel MOS transistor 1s connected
between an external power supply node receiving the exter-
nal power supply voltage and the output node of the output
buffer. The second P channel MOS transistor 1s connected
between an internal power supply node receiving the inter-
nal power supply voltage and the output node. The control
circuit activates the first or second P channel MOS transistor
in accordance with the frequency of the clock signal. The
output buffer circuit further includes an N channel MOS
transistor connected between a ground node and the output
node.

According to another aspect of the present invention, a
method of using a semiconductor circuit device operating in
synchronization with a clock signal, the semiconductor
circuit device including an output buffer circuit having a
transistor element outputting a data signal, a register in
which a desired signal can be set, and a change circuit
changing the current supplying capability of the transistor
clement 1n response to a signal which 1s set in the register,
includes the steps of setting the register into a mode 1n which
a desired signal can to be set 1n the register and setting a
signal which corresponds to the frequency of the clock
signal 1n the register.

In the semiconductor circuit device, the current supplying,
capability of the transistor element 1n the output buifer
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circuit changes 1n accordance with the frequency of the
clock signal. Therefore, when the frequency of the clock
signal 1s low, the current supplying capability of the tran-
sistor element 1s also lowered and thus a ringing phenom-
enon becomes less possible.

When a desired signal 1s set 1n the register, the current
supplying capability of the transistor element changes in
response to the set signal. Therefore, when the frequency of
the clock signal 1s low, the ringing phenomenon becomes
less possible by setting a signal which corresponds to the
low frequency in the register.

Further, a plurality of transistors connected in parallel
between the power supply node and the output node are
selectively activated 1n response to the signal which 1s set 1n
the register. When the frequency of the clock signal 1s low,
therefore, some of the plurality of transistors are activated by
setting a signal which corresponds to the low frequency in
the register, and thus the current supplying capability of the
transistor element formed of the plurality of transistors is
lowered.

Further, the frequency of the clock signal 1s detected, and
the current supplying capability of the transistor elements
changes 1n accordance with the detected frequency.
Theretfore, when the frequency of the clock signal 1s low, the
current supplying capability of the transistor element is
automatically lowered 1n accordance with the detected low
frequency.

Further, the first or second P channel MOS transistor 1s
activated 1n accordance with the frequency of the clock
signal. When the frequency of the clock signal 1s low,
therefore, the first P channel MOS transistor 1S 1nactivated
and the second P channel MOS transistor 1s activated. Since
the second P channel MOS transistor 1s connected to the

internal power supply node, its current supplying capability
comes to be lower than that of the first P channel MOS
transistor connected to the external power supply node.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an overall structure of
a DRAM according to a first embodiment of the present
invention.

FIG. 2 1s a circuit diagram showing structures of a main
part of the control circuit and peripheral circuitry such as the
mode register shown in FIG. 1.

FIG. 3 1s a circuit diagram showing structures of an output
buffer circuit and its control circuitry included in the data
input/output buifer shown in FIG. 1.

FIG. 4 1s a timing chart illustrating the operation of the
SDRAM shown 1n FIGS. 1-3.

FIG. § 1s a block diagram showing a structure of a main
part of a SDRAM in accordance with a second embodiment
of the present 1nvention.

FIG. 6 1s a circuit diagram showing structures of an output

buffer circuit and 1ts control circuitry 1n the SDRAM shown
in FIG. 5.

FIG. 7 1s a circuit diagram showing a speciific structure of
the clock frequency detector shown 1n FIG. §.

FIG. 8 1s a timing chart illustrating the operation of the
clock frequency detector shown m FIG. 7.

FIG. 9 1s a circuit diagram showing structures of an output
buffer circuit and its control circuitry 1n an SDRAM accord-
ing to a third embodiment of the present invention.
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FIG. 10 1s a circuit diagram showing a structure of an
internal power supply down converter circuit in the SDRAM

shown 1n FIG. 9.

FIG. 11 1s a circuit diagram showing a structure of an
output buifer circuit in a conventional SDRAM.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Heremnafter, the embodiments of the present invention
will be described in detail with reference to the drawings.
Here, the same or corresponding parts throughout the draw-
ings have the same reference characters and their descrip-
tions will not be repeated.
| First Embodiment |

FIG. 1 1s a block diagram showing an overall structure of
a SDRAM according to a first embodiment of the present
invention. Referring to FIG. 1, the SDRAM includes a
memory cell array 10 formed of four banks #A, #B, #C, #D,
a data input/output buffer 11 outputting an output signal
VOUT read out of memory cell array 10 as data signals
DQO0-DQ135 and writing data signals DQO0-DQ15, which are
input, to memory cell array 10 as an mput signal VIN, a
clock buffer 12 activated in response to a clock enable signal
CKE and outputting an external clock signal ECLK as an
internal clock signal ICLK, and a control circuit 13
controlling-memory cell array 10 and data input/output
buffer 11 1n response to internal clock signal ICLK.

The SDRAM further includes-an address buffer 14 out-
putting external address signals EAO0-EA12 as internal
address signals TA0-IA12 and receiving bank selection
signals BAO and BA1, a mode register 15 capable of setting
various operation modes, and a control signal buffer 16
generating various internal control signals 1n response to
various external control signals (a chip selection signal /CS,
a row address strobe signal /RAS, a column address strobe
signal /CAS, a write enable signal /WE, an input/output data
mask signal DQM).

When an external control signal 1s input at prescribed
timing representing a command for setting mode register 135,
the SDRAM enters a register setting mode, and control
circuit 13 provides internal address signals IAO-IA12 sup-
plied from address buifer 14 to mode register 15. Therefore,
a desired signal can be set in mode register 135.

As shown 1n FIG. 2, control circuit 13 includes a com-
mand decoder 131, an inverter 132, thirteen clocked 1nvert-
ers 133, and thirteen latch circuits 134.

Command decoder 131 decodes commands (represented
by timing for inputting control signals /CS, /RAS, /CAS,
/WE, DQM) which are received externally through control
signal buffer 16 and outputs various control signals. When a
control signal 1s mput at prescribed timing representing a
command for setting mode register 15, command decoder
131 activates a mode setting signal /MSET which 1s one of
the output control signals to the L level. Mode setting signal
/MSET 1s commonly supplied to thirteen clocked inverters
133, and a mode setting signal MSET (signal inverted with
respect to mode setting signal /MSET) which is output from
inverter 132 1s also commonly supplied to thirteen clocked
iverters 133.

Each clocked mverter 133 1s activated when mode setting
signals /MSET and MSET are at the L level and the H level,
respectively, and the clocked inverter inverts a correspond-
ing 1-bit signal of internal address signals IAO-IA12 sup-
plied from address buffer 14 and transmits 1t to a corre-
sponding latch circuit 134.

Each latch circuit 134 1s formed of two inverters 1344,
134b. Each latch circuit 134 latches an inverted 1-bit internal
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address signal from a corresponding clocked inverter 133,
and supplies the latched signal to a corresponding bit 1n
mode register 15. Therefore, 13-bit internal address signals
IAO-IA12 are set in mode register 15 as 13-bit mode address
signals MAO-MA12.

Various operation modes can be set 1n mode register 15.
Generally, mode address signals MAO-MAZ2 for determin-
ing a burst length 1s set in zerouth 1n second bits. Further, a
mode address signal (not shown) for determining a burst
type such as a sequential method or an interleave method 1s
set in a third bit. In addition, mode address signals (not
shown) for determining the latency of column address strobe
signal /CAS are set 1n fourth to sixth bats.

Although the seventh and eighth bits of a typical mode
register are not used, mode address signals MA7 and MAS
for determining a clock mode are set 1n the seventh and
eighth bits of mode register 15 according to the present
invention.

The following truth table shows a relationship between
mode address signals MA7, MAS8 and the frequency of
external clock signal ECLK.

MAS MA’7 Frequency of ECLK
0 0 ILess than 83 MHz
0 1 8390 MHz
1 0 00-125 MHz
1 1 125 MHz or more

As shown 1n the table, when the frequency of external
clock signal ECLK 1s less than 83 MHz, “0” 1s set as mode
address signal MA7 and “0” 1s set as mode address signal
MAS. When the frequency of external clock signal ECLK 1s
83 MHz or more but less than 90 MHz, “1” 1s set as mode
address signal MA7 and “0” 1s set as mode address signal
MAS. When the frequency of external clock signal ECLK 1s
90 MHz or more but less than 125 MHz, “0” 1s set as mode
address signal MA7 and “1” 1s set as mode address signal
MAS. Further, when the frequency of external clock signal
ECLK 1s 125 MHz or more, “1” 1s set as mode address signal
MAT and “1” 1s set as mode address signal MAS.

Data mnput/output buifer 11 includes sixteen CMOS type
inverters as shown 1n FIG. 3, and outputs 16-bit data signals
DQO0-DQ1S by inverting 16-bit output signal VOU'T. These
inverters each mclude a transistor element 110 formed of
three P channel MOS transistors 1, 111, 112, an N channel
MOS transistor 2, and an inverter 113 inverting 1-bit output
signal VOUT to output 1-bit output signal /VOUT.

P channel MOS transistors 1, 112, 111 are connected 1n
parallel between an external power supply node 3 receiving,
an external power supply voltage EVCC and an output node
4. The N channel MOS transistor 1s connected between a
oground node 6 receiving a ground voltage GND and output
node 4. Output signal Vout 1s supplied to the gates of P
channel MOS transistor 1 and N channel MOS transistor 2.
Here, the size (more specifically, gate width) of P channel
MOS ftransistor 111 is designed to be larger than the size of
P channel MOS transistor 112.

The SDRAM further includes two NAND circuits 17, 18
to change the current supplying capability of transistor
clement 110 1n response to mode address signals MA7, MAS
which are set 1n the mode register. NAND circuit 17 receives
output signal /VOUT from inverter 113 and mode address
signal MAS from mode register 15, and the output signal of
NAND circuit 17 1s supplied to the gate of P channel MOS
transistor 111. NAND circuit 18 receives output signal
/VOUT from 1nverter 113 and mode address signal MA7

10

15

20

25

30

35

40

45

50

55

60

65

6

from mode register 15, and the output signal of NAND
circuit 18 1s supplied to the gate of P channel MOS transistor
112.

Therefore, when mode address signals MAS and MA7 are
both at the L level (when the frequency of external clock
signal ECLK is less than 83 MHz), P channel MOS tran-
sistors 111 and 112 are both turned off and 1nactivated, and
P channel MOS transistor 1 1s activated. When mode address
signal MAS and mode address signal M A7 are at the L level
and the H level, respectively (when the frequency of external
clock signal ECLK is 83-90 MHz), P channel MOS tran-
sistor 111 1s turned off and 1mactivated, and P channel MOS
transistors 110 and 112 are activated. When mode address
signal MAS and mode address signal MA7 are at the H level
and the L level, respectively (when the frequency of external
clock signal ECLK is 90-125 MHz), P channel MOS
transistor 112 1s turned off and inactivated, and P channel
MOS transistors 110 and 111 are activated. Further, when
mode address signal MAS and mode address signal MA7 are
both at the H level (when the frequency of external clock
signal ECLK is 125 MHz or more), all P channel MOS
transistors 1, 111, 112 are activated.

Since P channel MOS ftransistor 111 1s larger than P
channel MOS transistor 112 1n size, the current supplying
capability of transistor element 110 1s raised as the fre-
quency of external clock signal ECLK becomes higher. In
other words, 1n the first embodiment, mode register 15 and
NAND circuits 17, 18 change the current supplying capa-
bility of transistor element 110 by changing the effective size
(more specifically, effective gate width) of transistor element
110 1 accordance with the frequency of external clock
signal ECLK.

Then, the operation of the SDRAM structured as above
will be described with reference to a timing chart shown 1n
FIG. 4.

If chip selection signal /CS, row address strobe signal
/RAS, write enable signal /WE are at the L level and column
address strobe signal /CAS 1s at the H level when external
clock signal ECLK rises from the L level to the H level, the
timing indicates a mode setting command. Thus, command
decoder 131 activates mode setting signal /MSET to the L
level. Since clocked inverter 133 1s activated in response to
L level mode setting signal /MSET, mternal address signal
IAn (n=0-12) supplied from address buffer 14 is then
supplied to mode register 15 as mode address signal MAn
(n=0-12).

When the frequency of external clock signal ECLK 1s less
than 83 MHz, external address signals IA8 and IA7 are both
at the L level, and thus mode address signals MAS and MA7
are both set at the L level. When the frequency of external
clock signal ECLK 1s 83-90 MHz, internal address signal
IA8 and internal address signal IA7 are at the L level and the
H level, respectively, and thus mode address signal MAS 1s
set at the L level and mode address signal MA7 1s set at the
H level. When the frequency of external clock signal is
90125 MHz, internal address signal IA8 and internal
address signal IA7 are at the H level and the L level,
respectively, and thus mode address signal MAS 1s set at the
H level and mode address signal MA7 1s set at the L level.
Further, when the frequency of external clock signal ECLK
1s 125 MHz or more, internal address signals IA8 and IA7
are both at the H level, and thus mode address signals MAS
and MAT are both set at the H level.

When mode address signals MAS and MATY are both set
at the L level (when the frequency of external clock signal
ECLK is less than 83 MHz), P channel MOS transistor is
activated and P channel MOS ftransistors 111 and 112 are
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inactivated. When mode address signal MAS 1s set at the L
level and mode address signal MA7 1s set at the H level
(when the frequency of external clock signal ECLK is 83-90
MHz), P channel MOS ftransistors 1 and 112 are activated
and P channel MOS ftransistor 111 1s inactivated. When
mode address signal MAS 1s set at the H level and mode
address signal MA7 is set at the L level (when the frequency

of external clock signal ECLK 1s 90-125 MHz), P channel
MOS transistors 1 and 111 are activated and P channel MOS
transistor 112 1s mnactivated. Further, when mode address
signals MA8 and MA7 are both set at the H level (when the
frequency of external clock signal ECLK 1s 125 MHz or
more), all P channel MOS transistors 1, 111, 112 are acti-
vated.

Since P channel MOS transistor is larger than P channel
MOS transistor 112 1n size, the current supplying capability
of transistor element 110 1s raised as the frequency of
external clock signal ECLK becomes higher. Therefore,
when the frequency of external clock signal ECLK 1s as high
as 125 MHz or more, transistor element 110 supplies sufli-
cient current to output node 4. Thus, data signals
DQO0-DQ15 which are output from output buffer circuit 11
can sufficiently follow external clock signal ECLK having
the high frequency. On the other hand, when the frequency
of external clock signal ECLK 1s as low as less than 83 MHz,
the current supplying capability of transistor element 110 1s
lowered. Thus, a ringing phenomenon becomes less possible
in data signals DQ0-DQ15 which are output from output
buffer circuit 11.

As described above, according to the first embodiment, a
signal which corresponds to an external clock signal 1s set 1n
mode register 15, and P channel MOS transistors 1, 111, 112
are selectively activated 1n accordance with the set signal.
Thus, the current supplying capability of transistor element
110 changes 1 accordance with the frequency of external
clock signal ECLK. Therefore, even when the frequency of
external clock signal ECLK 1s as low as less than 83 MHz,
the ringing phenomenon 1s less possible in data signals
DQO0-DQ15. Accordingly, power consumption 1s also
reduced.
| Second Embodiment |

FIG. § 1s a block diagram showing a structure of a main
part of an SDRAM according to a second embodiment of the
present invention. Referring to FIG. 5, the SDRAM
includes, 1nstead of mode register 15 shown 1 FIG. 1, a
clock frequency detector 20 detecting the frequency of
internal clock signal ICLK from clock buffer 12 and out-
putting a control signal CLKH and an complementary
control signal /CLKH i1n accordance with the detected
frequency. Clock frequency detector 20 compares the fre-
quency of internal clock signal ICLK with the frequency of
a reference clock signal which 1s generated inside. When the
frequency of internal clock signal ICLK 1s higher than the
frequency of the reference clock signal, clock frequency
detector 20 outputs H level control signal CLKH and L level
control signal /CLKH. On the contrary, when the frequency
of internal clock signal ICLK 1s lower than the frequency of
the reference clock signal, clock frequency detector 20
outputs L level control signal CLKH and H level control
signal /CLLKH. Here, the specific circuit structure and opera-
tfion of clock frequency detector 20 will be described below
in detail with reference to FIGS. 7 and 8.

FIG. 6 1s a circuit diagram showing a structure of each
CMOS type 1nverter included 1n the data input/output buffer
in the SDRAM according to the second embodiment. Refer-
ring to FIG. 6, unlike transistor element 110 shown in FIG.
3, a transistor element 114 of inverter 10 includes two P
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channel MOS transistors 1, 115. Two P channel MOS
transistors 1, 115 are connected 1n parallel between external
power supply node 3 and output node 4.

The SDRAM 1ncludes a transfer gate 21 and a P channel
MOS transistor 22 to change the current supplying capabil-

ity of transistor element 114 in response to control signals
CLKH and /CLKH which are output from clock frequency

detector 20. When control signals CLKH and /CLKH are at
the H level and the L level, respectively, transter gate 21 1s
turned on and 1t supplies output signal VOUT which 1s read
out of the memory cell array to the gate of P channel MOS
transistor 115. P channel MOS transistor 22 1s connected
between external power supply node 3 and the gate of P
channel MOS transistor 115, and turned on 1n response to L
level control signal CLKH.

Therefore, when control signals CLKH and /CLLKH are at
the H level and the L level, respectively (when the frequency
of internal clock signal ICLK i1s higher), P channel MOS
transistors 1 and 115 are both activated, and thus the
supplying capability of transistor element 114 1s raised. On
the contrary, when the control signals CLKH and /CLKH are
at the L level and the H level, respectively (when the
frequency of internal clock signal ICLK is lower), P channel
MOS transistor 1 1s activated and P channel MOS transistor
115 1s inactivated. Although the gate of P channel MOS
transistor 1135 1s disconnected from 1nput node 5 by transfer
cgate 21 at this time, P channel MOS transistor 22 1s on, so
that 1t attains the H level rather than a floating state. As a
result, the current supplying capability of transistor element
114 1s lowered.

In the second embodiment, therefore, clock frequency
detector 20 and transfer gate 21 change the current supply-
ing capability of transistor element 114 by controlling the
output buffer circuit 1n accordance with the frequency of
external clock signal ECLK.

Thus, since the current supplying capability of transistor
clement 114 1s raised when the frequency of internal clock
signal ICLK 1s high, data signal DQn which 1s output from
the output bufler circuit can sufficiently follow internal clock
signal ICLLK having the high frequency. When the frequency
of 1nternal clock signal ICLK 1s low, however, the current
supplying capability of transistor element 114 1s lowered and
thus the ringing phenomenon 1s less possible 1in data signal
DQn. Accordingly, power consumption 1s also reduced.

As described above, the frequency of internal clock signal
ICLK 1s detected by clock frequency detector 20, and P
channel MOS transistors 1 and 115 are selectively activated
in accordance with the detected frequency. Thus, the current
supplying capability of transistor element 114 is automati-
cally changed 1n accordance with the frequency of external
clock signal ECLK. Accordingly, there will be no trouble of
setting a mode as 1n the first embodiment.

Here, one example of clock frequency detector 20 will be
described with reference to FIG. 7. Referring to FIG. 7,
clock frequency detector 20 includes a T flipflop 31, delay
circuits 32, 33, 34, NOR circuits 35, 36, inverter circuits
37-43, and a transfer gate 44. Further, delay circuit 32
includes n (n is a natural number) NAND circuits NA1-NAn
and n mverters INV1-INVn.

In delay circuit 32, the output node of NAND circuit NA1
1s connected to the mmput node of mverter INV1, and the
output node of mnverter INV1 1s connected to one mnput node
of NAND circuit NA2. Similarly, the output node of NAND
circuit NA2 1s connected to the mnput node of mnverter INV2,
and the output node of mverter INV2 1s connected to one
input node of NAND circuit NA3. In a similar manner, n
NAND circuits and n mverters are alternately connected in
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serics. One 1nput node na of NAND circuit NA1 1s con-
nected to the non-mnverted output node Q of T flipflop 31.
Further, the output node of the nth inverter INVn 1s con-
nected to the mput node nb of transfer gate 44.

Meanwhile, the output node of delay circuit 33 1s con-
nected to the mput node of inverter 37, and the output node
of inverter 37 1s connected to one input node of NOR circuit
35. The mput node of delay circuit 33 and the other input
node of NOR circuit 35 are connected to mput node na of
NAND circuit NA1. Similarly, the output node of delay
circuit 34 1s connected to the mput node of inverter 38, and
the output node of inverter 38 1s connected to one input node
of NOR circuit 36. The mput node of delay circuit 34 and the
other mput node of NOR circuit 36 are connected to the
output node nc of NOR circuit 35. Further, the output node
of NOR circuit 36 1s connected to the input node nd of
inverter 39. The output node of 1mverter 39 1s connected to
the other mnput node of each of NAND circuits NA1-NAn.

Output node nc of NAND circuit 35 1s connected to the
cgate of an N channel MOS transistor forming a transfer gate
44 and the mput node of inverter 40, and the output node of
inverter 40 1s connected to the gate of a P channel MOS
transistor forming a transfer gate 44. Inverters 41 and 42
have their input nodes and output nodes 1nterconnected to
form a latch circuit 45, and the input node of latch circuit 45
1s connected to the output node of transfer gate 44. Latch
circuit 45 outputs control signal CLKH and also outputs
control signal /CLKH through inverter 43.

Delay circuit 33, NOR circuit 35 and inverter circuit 37
form a monostable multivibrator 46. Stmilarly, delay circuit
34, NOR circuit 36 and inverter 38 form a monostable
multivibrator 47. The mnput node T of T flipflop 31 1s
connected to clock buffer 12 to receive internal clock signal
ICLK. T fliptlop 31 1s a circuit for mverting the level of an
output signal at the rising of internal clock signal ICLK
which 1s received.

FIG. 8 1s a timing chart illustrating the operation of clock
frequency detector shown 1n FIG. 7. Referring to FIG. 8, the
operation of clock frequency detector 20 will be described.

It 1s assumed 1n FIG. 8 that the delay time by delay circuit
32 1s TO and the cycle of internal clock signal ICLK 1s T.
Node na of NAND circuit NA1 attains the H level when
internal clock signal ICLK rises, and node na attains the L
level after time T. Since node na lowers from the H level to
the L level, a one-shot pulse signal i1s generated at node nc
of NOR circuit 35.

When t<t0, the H level one-shot pulse 1s generated at

node nc and transfer gate 44 1s turned on and rendered
conductive and then turned off and rendered non-conductive
before the H level of node na 1s transmitted to node nb of
transter gate 44. Therefore, the mput of latch circuit 45,
control signal CLKH from clock frequency detector 20 and
control signal /CLKH attain the L level, the H level, and the
L level, respectively. When t=2t0, however, the H level
one-shot pulse signal 1s generated at node nc and transfer
cgate 44 1s turned on and rendered conductive and then turned
off and rendered non-conductive after the H level of node na
1s transmitted to node nb. Therefore, the mput of latch circuit
45, control signal CLKH from clock frequency detector 20,
and control signal /CLLKH attain the H level, the L level, and
the H level, respectively.

In short, clock frequency detector 20 outputs L level
control signal CLKH and H level control signal /CLKH
when the frequency of internal clock signal ICLK which 1s
input from clock buffer 12 1s not more than a prescribed
frequency, and outputs H level control signal CLKH and L
level control signal /CLKH when the frequency of internal
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clock signal ICLK exceeds the prescribed frequency. Here,
monostable multivibrator 47 outputs a signal for resetting a
pulse signal which remains 1n delay circuit 32 after transfer
cate 44 1s opened and closed by the one-shot pulse signal
which 1s output by monostable multivibrator 46.

| Third Embodiment]

FIG. 9 15 a circuit diagram showing a structure of a main
part in an SDRAM according to a third embodiment of the
present invention. Referring to FIG. 9, the output buffer
circuit in the SDRAM i1ncludes a transistor element 116
instead of transistor element 110 shown 1n FIG. 3. Transistor
element 116 includes two P channel MOS transistors 117,
118. P channel MOS ftransistor 117 1s connected between
external power supply node 3 receiving external power
supply voltage EVCC and output node 4. P channel MOS
transistor 118 1s connected between an internal power supply
node 23 receiwving an internal power supply voltage IVCC
(generated by an internal power supply down converter
circuit shown in FIG. 10 described below) lower than

external power supply voltage EVCC and output node 4.
Instead of NAND circuits 17, 18 shown 1n FIG. 3, the

SDRAM further includes two NAND circuits 24, 25 and an
mverter 26. NAND circuit 24 receives mode address signal
MAS which 1s set 1n mode register 15 shown 1n FIG. 2 and
an output signal /VOUT from an mverter 113, and the output
signal of NAND circuit 24 1s supplied to the gate of P
channel MOS transistor 117. NAND circuit 25 receives an
inverted signal /MAS 1nverted with respect to mode address
signal MAS8 and output signal /VOUT from inverter 113, and
the output signal of NAND circuit 25 1s supplied to the gate
of P channel MOS transistor 118. Inverted signal /MAS 1s
cgenerated by an imverter 26 which receives mode address
signal MAS.

In the third embodiment, H level mode address signal
MAS 1s set in mode register 15 when the frequency of
external clock signal ECLK 1is high. In this case, therefore,
P channel MOS ftransistor 117 1s activated and P channel
MOS transistor 118 1s mactivated. On the other hand, when
the frequency of external clock signal ECLK 1s low, L level
mode address signal MAS 1s set in mode register 15. In this
case, therefore, P channel MOS transistor 118 1s activated
and P channel MOS ftransistor 117 1s 1nactivated.

The SDRAM further includes the internal power supply
down converter circuit as shown in FIG. 10. The internal
power supply down converter circuit includes a differential
amplifier 27 and a P channel MOS transistor 28. Differential
amplifier 27 receives an internally generated constant ref-
erence voltage VREF at its inverted input terminal (-) and
internal power supply voltage IVCC at 1ts non-inverted input
terminal (+). P channel MOS transistor 28 i1s connected
between external power supply node 3 and internal power
supply node 23 and controlled in response to the output
signal of differential amplifier 27. In other words, differen-
tial amplifier 27 controls P channel MOS transistor 28 so
that internal power supply voltage IVCC which 1s fed back
from 1nternal power supply node 23 i1s equalized with
reference voltage VREF. Since reference voltage VREF 1is
set to be lower than external power supply voltage EVCC,
internal power supply voltage IVCC generated by the inter-
nal power supply down converter circuit 1s also lower than
external power supply voltage EVCC.

As described above, when the frequency of external clock
signal ECLK 1s high, P channel MOS transistor 117 receiv-
ing external power supply voltage EVCC 1s activated, and
thus the current supplying capability of transistor element
116 1s raised. When the frequency of external clock signal

ECLK 1s low, however, P channel MOS transistor 118
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receiving 1nternal power supply voltage IVCC 1s activated,
and thus the current supplying capability of transistor ele-
ment 116 1s lowered.

Therefore, 1n the third embodiment, mode register 15,
NAND circuits 24, 25, and mverter 26 change the current
supplying capability of transistor element 116 1n accordance
with the frequency of external clock signal ECLK.

As described above, according to the third embodiment of
the present mvention, when the frequency of external clock
signal ECLK 1is low, P channel MOS transistor 118 receiving
internal power supply voltage IVCC 1s activated, and thus
the current supplying capability of transistor element 116 1s
lowered. Therefore, a ringing phenomenon becomes less
possible 1n data signal DQn.

Although the present invention has been described with
respect to the various embodiments described above, the
present invention can also be implemented 1n other manners.
In the first to third embodiments described above, the current
supplying capability (size) of transistor elements 110, 114,
116 1s changed by controlling P channel MOS transistors
111, 112, 115, 117, 118. Instead, a plurality of N channel
MOS ftransistors may be connected in parallel between
output node 4 and ground node 6 and they may be controlled
in order to change the current supplying capability of a
transistor element.

Although the present invention has been described and
illustrated 1n detail, it 1s clearly understood that the same 1s
by way of 1llustration and example only and 1s not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What 1s claimed 1s:

1. A semiconductor circuit device operating 1n synchro-
nization with a clock signal, comprising:

I

an output buifer circuit including parallel connected tran-
sistor elements outputting a data signal; and

controlling means for controlling said output buifer circuit
in accordance with a frequency of said clock signal to
change current supplying capability of said parallel
connected transistor elements.
2. The semiconductor circuit device according to claim 1,
wherein

said transistor elements include a plurality of first con-
ductivity type transistors connected 1n parallel between
a first power supply node and an output node of said
output buifer circuit,

said changing means 1ncludes activating means for selec-
tively activating said plurality of first conductivity type
transistors 1n response to the signal which 1s set 1n said
register, and

said output buffer circuit further includes a second con-
ductivity type transistor connected between a second
power supply node and said output node.
3. The semiconductor circuit device according to claim 2,
wherein

said controlling means includes
a register 1n which a desired signal can be set, and
changing means for changing the current supplying
capability of said transistor elements 1 response to
the signal which 1s set 1n said register.
4. The semiconductor circuit device according to claim 2,
wherein

said controlling means includes
detecting means for detecting the frequency of said
clock signal and outputting a control signal 1n accor-
dance with the detected frequency, and
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changing means for changing the current supplying
capability of said transistor elements 1n response to
the control signal which 1s output from said detecting,
means.
5. The semiconductor circuit device according to claim 4,
whereln

said transistor elements include a plurality of first con-
ductivity type transistors connected 1n parallel between
a first power supply node and an output node of said
output buffer circuit,

sald changing means includes activating means for selec-
tively activating said plurality of first conductivity type
transistors 1n response to the control signal which 1s
output from said detecting means, and

said output buffer circuit further includes a second con-
ductivity type transistor connected between a second
power supply node and said output node.
6. The semiconductor circuit device according to claim 1,
further comprising:

a down converter circuit down-converting an external
power supply voltage to generate an internal power
supply voltage, wherein
said transistor elements mnclude

a first P channel MOS ftransistor connected between
an external power supply node receiving said
external power supply voltage and an output node
of said output buffer circuit, and

a second P channel MOS ftransistor connected
between an internal power supply node receiving
said internal power supply voltage and said output
node,

said controlling means includes activating means for
activating said first or second P channel MOS
transistor 1n accordance with the frequency of said
clock signal, and

said output buffer circuit further includes an N
channel MOS transistor connected between a
oround node and said output node.

7. A method of using a semiconductor circuit device
operating 1in synchronization with a clock signal, said semi-
conductor circuit device mcluding an output buffer circuit
having parallel connected transistor elements outputting a
data signal, a register in which a desired signal can be set,
and changing means for changing current supplying capa-
bility of said transistor elements 1n response to the signal
which 1s set 1n said register, comprising the steps of:

setting said register mnto a mode 1 which said desired
signal can be set 1n said register; and

setting the signal corresponding to the frequency of said
clock signal in said register.
8. A synchronous semiconductor memory device operat-
ing in synchronization with a clock signal, comprising:
a memory cell array;

an output buffer circuit including a transistor element
outputting a data signal read out from said memory cell
array; and

controlling means for controlling said output buffer circuit
in accordance with a frequency of said clock signal to
change current supplying capability of said transistor
clement.
9. The synchronous semiconductor memory device
according to claim 8, wherein

said controlling means includes
a register 1n which a desired signal can be set, and
changing means for changing the current supplying
capability of said transistor element 1n response to
the signal which is set 1n said register.
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10. The synchronous semiconductor memory device
according to claim 9, wherein

said transistor element includes a plurality of first con-
ductivity type transistors connected 1n parallel between
a first power supply node and an output node of said
output buffer circuat,

said changing means 1ncludes activating means for selec-
tively activating said plurality of first conductivity type
transistors 1n response to the signal which 1s set 1n said
register, and

said output buffer circuit further includes a second con-
ductivity type transistor connected between a second
power supply node and said output node.
11. The synchronous semiconductor memory device
according to claim 8, wherein

said controlling means includes
detecting means for detecting the frequency of said
clock signal and outputting a control signal 1n accor-
dance with the detected frequency, and
changing means for changing the current supplying
capability of said transistor element in response to
the control signal which 1s output from said detecting,
means.
12. The synchronous semiconductor memory device
according to claim 11, wherein

said transistor element includes a plurality of first con-
ductivity type transistors connected 1n parallel between
a first power supply node and an output node of said
output buifer circuit,

said changing means includes activating means for selec-
tively activating said plurality of first conductivity type
transistors 1n response to the control signal which 1s
output from said detecting means, and

said output buffer circuit further includes a second con-
ductivity type transistor connected between a second
power supply node and said output node.
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13. The synchronous semiconductor memory device
according to claim 8, further comprising;:

a down converter circuit down-converting an external
power supply voltage to generate an internal power
supply voltage, wherein
said transistor element 1ncludes

a first transistor connected between an external
power supply node receiving said external power
supply voltage and an output node of said output
buffer circuit, and

a second transistor connected between an internal
power supply node recerving said internal power
supply voltage and said output node,

said controlling means 1ncludes activating means for
activating said first or second transistor 1n accor-
dance with the frequency of said clock signal, and

said output buffer circuit further includes a third
transistor connected between a ground node and
said output node.

14. The synchronous semiconductor memory device
according to claim 13, wherein

said first transistor has a first gate width, and

said second transistor has a second gate width larger than
said first gate width.
15. The synchronous semiconductor memory device
according to claim 8, wherein

said transistor element includes a plurality of transistors
connected 1n parallel between a power supply node and
an output node of said output buifer circuit, and

said controlling means switches the number of said tran-
s1stors.
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